Introduction
Przewalski's horse is the only existing real wild horse in the world (Mohr, 1971; Bouman, 1994) . Its wild populations went extinct in China and Mongolia in the mid-20th century (Boyd and Houpt, 1994) . In 2001, the wild horse was reintroduced into the Kalamaili Mountain Ungulate Nature Reserve in China, in a Eurasian desert-steppe transitional area. The vegetation of the reintroduction area has high spatial heterogeneity and shows mosaicism at different scales (Chu et al., 2008 ). The search efficiency and feeding costs of animals are influenced by plant distribution patterns, which thereby affect the feeding behavior of animals (Dumont et al., 2000; Hester et al., 2001; Hassall et al., 2002; Chapman et al., 2007) . Recent studies of Przewalski's horse have focused on dietary analysis (Meng, 2007; Chen, 2008) , habitat selection, and foraging behavior (King, 2002; Wang, 2004; Liu, 2013) , but have not examined the relationship between food patches and the horse's feeding choice behavior.
Ecologists' research has been focused on patch-scale spatial heterogeneity (Wiens and Kotliar, 1990) ; animal feeding response to patchy food resources (Wallis and Daleboudt, 1994; Hudson et al., 1995) ; the impact of patch size, mass, density, height, biomass, etc. on animal feeding selection (Wang et al., 1990) ; the foraging strategy of herbivores to highly heterogeneous food resources (Li et al., 2003; Searle et al., 2005) ; and the ecological and evolutionary significance of herbivores' foraging behavior (Knegt et al., 2007) . Clearly, suitable patch division for the target species, which reflects the animal's selection of resource patches, is an important prerequisite for research. In this study, we explore the foraging strategy of Przewalski's horse by employing the TWINSPAN method to study the vegetation communities of the reintroduction area and we combine this information with feeding performance data to evaluate the area's food resources, which are key to the wild horse's feeding ecology. This study will benefit conservation efforts by describing the adaptation of Przewalski's horses to the reintroduction area and providing a scientific basis for the eventual establishment of self-sustaining wild populations. mountains, hills, and plains; the main surface substrates are loessial, sandy, and Gobi deserts; the elevation is 600-1464 m. The climate is the typical temperate continental arid type: the annual precipitation is only about 180 mm, but evaporation is as high as ≥2000 mm. Vegetation is sparse and uneven, mainly composed of superxeric or xeric shrubs, semishrubs, xeric annual and perennial herbs, and ephemeral plants. Dominant plants include Ceratoides latens, Anabasis spp., Artemisia spp., Stipa glareosa, and Reaumuria soongorica. The main ungulates are Equus hemionus and Gazella subgutturosa (Ge et al., 2003) . The reintroduction site of Przewalski's horse is in the center of the protected area, where reintroduced groups of the horse roam freely and where the study was conducted in the summer (Figure 1 ).
In July to August 2013, we selected the main area of Przewalski's horse activity for the study. It has an area of 103.18 km 2 , a north-south extent of 7.7 km, and an east-west extent of 13.4 km. According to the latitude and longitude, we set transect lines at intervals of 1 km, with 5 lines running east-west and 13 lines north-south. Personnel traveled along these lines on a motorcycle at low speed and observed the vegetation patches, stopping and recording GPS coordinates at points where the vegetation changed. Five equidistant quadrats of 1 × 1 m 2 within the vegetation patch were established, in which we measured and recorded the type, quantity, height, and cover of plants for each sample square. In total, 588 vegetation patches were measured. Observers tracked and kept a certain distance from the group of Przewalski's horses, usually >50 m, and did not interfere with their normal feeding activity. Binoculars were used to observe the horses' feeding behavior. Feeding times, feeding sites (GPS points), and vegetation characteristics were recorded immediately upon the horses leaving the site.
The following formulas were used to calculate the relative density, relative height, and relative coverage of each plant species within the quadrants:
RD i , RH i , and RC i are relative density, relative height, and relative coverage; D i , H i , and C i are average density, average height, and average coverage of species i.
The importance value (IV) is calculated using the following formula for each plant: IV = 1/3(RD i + RH i + RC i ). We calculated and recorded the length of occupation of each patch for each sample line according to the GPS coordinates of the vegetation patch boundaries using Garmin Base Camp software.
Data were processed using Excel and SPSS, and the importance value of each species was employed as an indicator. WINSPAN software (Hill and Šmilauer, 2005) was used to define and classify the vegetation patches into groups. The lengths of vegetation patches within each group were added, and we then obtained the lengths of the sample lines for each group. The following formula was used to calculate the area of each group:
. S i is the area of group i; l i is the length of group i. The foraging times were divided by the areas of the corresponding groups to calculate the feeding time per unit area for each group. Univariate analysis of variance and multiple comparisons were then used to analyze the feeding time per unit area. plants are shown in Table 1 . These were calculated by Win-TWINS software, except for Iris tenuifolin, Achnatherum inebrians, Eremosparton songoricum, Astragalus iliensis, etc., of which there were few plants. In all, 21 kinds of plants are useful as indicator species reflecting the characteristics of the vegetation patches. All species of Artemisia were sorted as Artemisia.
Results

Clustering and categorization of vegetation patches
According to the importance values of the indicator plant species, 588 vegetation patches were clustered into 46 groups by use of TWINSPAN, based on the Flora of China (Wu and Peter, 2012) classification principles and systems. Combining these with the analysis of vegetation patches, we used the sixth grade level to get 27 clusters. The characteristics of the vegetation patches after clustering are shown in Table 2 .
After clustering, an importance value of ≥10 means that the plant species are dominant species in the group and also constructive species and major associated species for each group.
Among the clusters, there were 4 of an area larger than 4 km 2 (G9, G10, G11, and G12), 9 of an area greater than 1 km 2 and less than 4 km 2 (G5, G8, G13, G14, G17, G18, G19, G20, and G22), and 14 of an area less than 1 km 2 (G1, G2, G3, G4, G6, G7, G15, G16, G21, G23, G24, G25, G26, and G27). G11 had the greatest area (22.26 km 2 ) and G6 had the smallest (0.11 km 2 ). An area of 30.43 km 2 was bare of vegetation.
Foraging time per unit area
We observed 76 feeding bouts, totaling 1600 min. The GPS coordinates of the feeding sites, vegetation characteristics, and cumulative foraging times were used to calculate corresponding feeding times for each feed patch cluster. G4, G9, G10, G11, G12, G13, G14, G17, G18, G19, and G20 had corresponding feeding times-that is, they were feed clusters-and together accounted for 59.23% of the total area, while G1, G2, G3, G5, G6, G7, G8, G15, G16, G21, G22, G23, G24, G25, G26, and G27 did not have corresponding feeding times, hence were nonforaging clusters, and accounted for 11.14% of the total area. The rest, 29.63%, was bare ground. Among the ratios of feeding time to group unit area, G4 had the highest, 9.26 ± 1.54 min/km 2 , and G9 had the lowest, 2.80 ± 0.49 min/km 2 ( Figure 2 ).
Taking the square root of the time data (P = 0.146 > 0.05) indicates the homogeneity of variance. Univariate analysis of variance revealed F = 13.515 > F crit = 2.098, so the data among the groups were significantly different. Duncan multiple comparisons of feed patches are shown in Table 3 . G4 with 10 other groups was significantly different while among G9, G14, G19, and G20, there was no significant difference; however, G9, G14, and the other 7 groups were significantly different. Among G11, G12, and G13, the difference was not significant, but G12 differed significantly from the other 7 groups. 
Quality of vegetation patches
Based on the foraging times per unit area of the vegetation patches (including the patches in which the horses did not feed, for which the foraging times per unit area was 0), 27 patch clusters were divided into 3 groups through use of the hierarchical clustering method: the longer feeding-time patch group (high-utilization patches), with feeding time per unit area of ≥6.1 min/km 2 , including G4, G12, and G13; the moderate feeding-time patch group (medium-utilization patches), with feeding time per unit , including G10, G11, G17, G18, G19, and G20; and the low and-zero feeding time group (poor-utilization patches), with feeding time per unit area of ≤3.1 min/km 2 , comprising G1, G2, G3, G5, G6, G7, G8, G9, G14, G15, G16, G21, G22, G23, G24, G25, G26, and G27. Among them, the average foraging time per unit area of high-utilization patches was 1.59 times that of the medium-utilization patches and 23.68 times that of the poor-utilization patches.
The areas of the high-utilization, medium-utilization, and poor-utilization groups were calculated and then divided by the investigation area. The proportion of the high-utilization group was 13.03%, the proportion of the medium-utilization group was 35.13%, and the proportion of the poor-utilization group was 22.21%.
Discussion
Classification of vegetation patches
Desert grassland typically has varying, sparse plant cover with a patchy distribution. In addition to plant diversity and productivity, plant spatial distribution pattern is an important factor affecting herbivore feeding behavior (Michiel and Wallis, 1996) . In an environment with limited plant resources, patterns of plant spacing affect animals' feed search efficiency, which is the primary factor in their energy consumption (Parsons and Dumont, 2003) . Here we applied the TWINSPAN method, using the relative density, relative height, and relative coverage of plant species to divide vegetation patches into 27 associations.
This defined the differences among vegetation patches in the Przewalski's horse's habitat and provides a basis for understanding the food selection behavior of this species. The results showed that the 27 patches could be divided into high-utilization patches, medium-utilization patches, and poor-utilization patches, revealing strong selectivity of vegetation patches by the animals. Thus, this method is an informative way to analyze this species' habitat selection.
Clustering and categorization of vegetation patches
This study combining observations of Przewalski's horse feeding behavior and vegetation patch types shows that all vegetation patches could be divided into feeding and nonfeeding clusters. The former included G4, G9-14, and G17-20 and the latter included G1-3, G5-8, G15-16, and G21-27. We found that areas larger than 3 km 2 of vegetation patch types G11 (22.26 km 2 ), G12 (9.56 km 2 ), G9 (9.44 km 2 ), G10 (5.83 km 2 ), G20 (3.51 km 2 ), and G13 (3.45 km 2 ) were feeding clusters. The average area of a feeding cluster was 5.53 km 2 , 7.47 times the average area of a nonfeeding cluster, which was 0.74 km 2 . Theoretically, optimal feeding behavior achieves the maximum energy per unit time (Pyke, 1984; Donald, 1986) . We know that the primary productivity of desert steppe is low: the average net primary productivity of Xinjiang desert grassland vegetation is 57.68 gC/(m 2 /year) (Yang et al., 2014) , much lower than grasslands in general. Przewalski's horse chooses larger areas of vegetation patches as the best solution to the problem of accessing adequate food. 
Based on the degree of the horses' utilization of vegetation patches, patches could be divided into a high-utilization group (G4 and G12-13), having an average patch area of 4.48 km 2 ; a medium-utilization group (G10-11 and G17-20), having an average patch area of 6.07 km 2 ; and a poor-utilization group (G1-3, G5-9, G15-16, and G21-27), having an average patch area of 1.23 km 2 . We found that the average area of all vegetation patches was 2.70 km 2 , while the average areas of high-utilization and medium-utilization patches were not higher than the average of all patches. Therefore, there is no correlation between the average area of vegetation patches and use intensity by Przewalski's horse. Overall, large ungulates prefer nutritious grasses (Hofmann and Stewart, 1972) . Duncan (1992) showed that domestic horses in the French Camargue Park like eating grasses and Chenopodiaceae. McInnis and Vavra (1987) concluded that the North American mustang chooses mainly Poaceae and Chenopodiaceae brome saltbush and other plants for food. Meng (2007) and Chen (2008) showed that KNR Przewalski's horses preferred Gobi Stipa and Ceratoides. Thus, from the perspective of the importance values of Ceratoides and Stipa for each analyzed patch, we find that Stipa and Ceratoides and other consumed plants have higher importance values in high-utilization vegetation patches; in particular, the small size of group type G4 received the greatest use ratio. Similarly, Stipa and Ceratoides importance values are lower in mediumutilization patches; rarely used and unused vegetation patches are mainly those with little or poor forage. This result confirms King's (2002) study, which found that in the Stan Nature Reserve in Mongolia, Przewalski's horse chooses mainly Stipa communities. It is worth noting that in G15, G16, G21, G22, and G25 patch types, Stipa had a relatively high importance value but was not eaten. We think that this was a consequence of these patch types' smaller areas.
Characterizing the use of vegetation patches reveals the feeding strategies of Przewalski's horse. The results show that in the Kalamaili Mountain Nature Reserve, the reintroduced horses' use of vegetation resources depends primarily on the area of vegetation patches. Those with contiguous vegetation become favored foraging grounds (feeding sites), and patches containing high-quality forage receive more intensive use. Therefore, in desert grasslands with low primary productivity, the feeding strategy of Przewalski's horse is to first satisfy its energy demand and then search for quality food. 
